(1 OPublication number : 2001-311848 
(43)Date of publication of application : 09.11.2001 



(51)IntCI. 



(21) Application number : 2000-132652 

(22) Date of filing : 01.05.2000 



G02B 6/22 
H04B 10/02 
H04B 10/18 
H04J 14/00 
H04J 14/02 



(71) Applicant : 

(72) Inventor : 



SUMITOMO ELECTRIC IND LTD 

KATO TAKATOSHI 
TANAKA SHIGERU 



(54) OPTICAL FIBER AND OPTICAL TRANSMISSION SYSTEM 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an optical fiber or the like permitting a large 
capacity and long distance transmission using multiple wavelength signal light of a 
signal light wavelength band covering a 1.31 //m-1,58 fim wavelength band. 
SOLUTION: The optical fiber relating to this invention has a spectrum spread of >-20 
ps/nm/km and <-3 ps/nm/km (more preferably, 2-12 ps/nm/ km and <-4 ps/nm/km) 
in the full range of a 1.30 ^m-1.60 five\ wavelength band. Moreover, it is more preferable 
to be >-20 ps/nm/km and <-3 ps/nm/ km in the full range of a 1.25 ^m-1.65 fim 
wavelength band broader than the above wavelength band. Since the spectrum spread 
is of a value within the above numeric values in the broader signal light wavelength 
band covering a 1.30 puvr\. 60 fim wavelength band, both of waveform deterioration of 
the signal light due to a non-linear optical phenomenon and that due to accumulated 
spectrum spread are controlled. 
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(54) [xnogft] ^r-f/t^iWeffjSS/x^A 

(57) 

1. 30jUm~1. 6 0|im©ftffiHICfcl\T, Kfi» 
fita<-2 O p s/nm/kmJai"3 p s/nm/km 
UT (*y»ai=l*, -12ps/nm/kmia±-4 
ps/nm/kmTO T&£o *fc, «fc <J »»l::tt* 
±E©»fi?|f«J:m£^afiW«1. 2 5jim~1. 6 
5//mC0±J5SllrfcLNr. *4W-2 0ps/nm 
/kmlJl±-3ps/nm/kmIJiT (*M#Sl=tt* 
— 1 6ps/n m/ k miyl- 4 p s / n m/ kmjy, 
T)T?fe*o»*1. 3 1//mWi1. 5 8//m* 
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[18*111] Bft?!MSt1. 30(im~1. 6 0tfm© 
±Bffli::fc^Ta£#»*<- 20ps/nm/k m&Lt 

r-l'/*. 

[18*312] 3 0iim~1. 6 0//m© 

±BHI=fcl*r 1 2 p B/nm/kmHl 

-4 p s/nm/kmlilT-Cfe'SCt^^mt-r^SS* 
511 JSK<03fe 7 r-f/<. 

[18*113] SftftflfJttl. 25//m~1. 65//mffl 
*Kffll=j3U-C»:fi»tj!A<-2 0p 8/nm/kmlia: 
-3 p s/n m/km^T^-SCi £18* 

S1 JBK<0*7r-f/<. 
[8j*«4] Bftfflgl. 2 5 Aim- 1. 65//m© 

^£5Hi- fci^r agtftw- 1 6 p s / n m/ k mfcUt 

-4 p s/nm/km!UTT-fcSC££!ft®£-f Sll* 
8lf3i£<Djfc7 7'-f/N\ 
[18*85] SStim\ZiM%>&%)®i&mt)< 
40 u m» ISLhl?** C £ SI8*« 1 SEK© 

[S8*Ij|6] BJI1. 3 8^mtfclt*OH»CB* 
P7.tg*<0. 1 dB/kml2lTT-fcSC<!:£*#eai-f £ 

l^«3(0St)T**«-rS»3 37l8iai:, 
u©S3 3 7SI8£flS y B*fflaBSi5 3 ©Biffin y /h£ 
^»4©H«f***-*-4^5v K««t*«**=tt 
ft«i?-Si8*9i 1 E«©*7r-M. 
[SS*« 8 ] mE>7? H««*t. 
»IB«3©B»r**y>h*l*B«***r*rt«*5? 
Kf«i. 

C(OI>lS?7'y h*<DB8r*J:y**^B&r*$#*-*rt 

m <7 v v mm t tat? = 1 1 »«t 7 k« 

©jt^W/V*. 

(§8*89 ] jflSE? 7 •> KfS8©SJW8©B8r$£S 
B*LTWE*t>:3 7*«a>]±B«*BA*0. 4%Jil± 
0. 7%&TT?fcSCi£8iai*a»*JS7KB©}fc 

[»*«10] 8ft«J«1. 30x/m~1. 60//m 

is 

*«1 se«©7fc 7 7 -C 



[!8*«11] 5ftft?Stt1. 25//m~1. 65*/m 

c ©at 7 t -f / < ££i£ L r * Tfi b l fc f »s© fi^jt 

[BnotM«S«] 
10 [0001] 

£a«©«*jfc$ 

^mftLTjfcfis&Sff^aS^S (WDM: Wavelength 
Division Multiplexing) .A,, fc<fctf, £© 

(0 0 0 2] 

[ft£©&»i] *77<f/«l«ffll-»fcW0Mfia5/Xf 

ai*, *»«©flMitea-r*=i:3^iB-c*y. m 

£©S##£i£fl-f£2s<iig. =ti6©flH»**eaf 
20 t#7r«f/«, C#i6©flr#**jE«r*»«*. fcJ: 

C©«k-5<fWDMfi2lv^T-AlCfcl>T, <5£§g 
£&*-f •Sfc&lc. B«ft0>gJMM0fI£i£lf«R» 

[0 0 0 3] $fc, (*l::e9£BBft) 

fffti^ttfBBT?**. -7J, £BB«*Mlki::H«B 

30 fct»T*77-f/<©a«»»©B«B*<**-r#<f^C 

[0 0 0 4] tZ*>T\ &7T4'WHMtfi1M*1rt 
4SIB1IWI** 1 . S3jim~1, 6 1 /imgJgrfcS© 

1. 56jim~1. 6 0^m<DS5BI-$i'S. Lfctfo 

40 slbiwc. w©as©fi^3t$ffli>-cgnsteji$ 

[0 0 0 5] ^fl>«fc3«:HBB*»B1-*wtSBBL 
fc3fc77-f/WSSg^MW0 9 9/3 0 1 9 4^*IC 
S3***lT^*. C©3t77-i'/<li, S#f»aftA<1. 
6 1//m)y±1. 6 7(/mHTT'fey. iSiSl. 5 5^ 
mlCfclt*aS»fljt^P-^A<0. 15ps/nmV 

kmjyTT?&€>. LT, c©jt7r-</\*i*. Jt^r-f 

/<««BMW****a*»*1. 6 3 |lm~ 1. 6 
50 T. #B£^Bftl=B4ffi^(0aB«ftfcJ:i;XB 
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Lrii^^r-f/^iSfi^Stxn-^to. 0 7 

ps/nmVkm^O. 1 5 p s/nmVkmt f fe 

So 

[00 0 6] 

fet^rsft*ei3i»ia)a*«ia4izi4. 

6, ±Bft*tH#i*ifc*7r-f/<IJ:, Ml. 5 5 10 
jE/m* (C/OK) fcitfBJU. 58//m«: (LA> 
K) £*t?a«3Wtl. 5 3|/m~1. 6 1//m^tt 

J8**BLfc*#a>-c*oT\ 1. 3 i|im»fe*tf 1. 

Bftl. 3 1 jMml:fil>t, afi»»i<-2 0pa/n 
m/km*y/|**<fty, aft5TO0«»tttf**l*C 

i^-c. aft 1 . 31 ^m»<o«#3fe*ffl^rfiffi»e 

a*ff3Ci*«lf**^. " 20 

[0007] *»iHu ±enfld*ftaM-«ai::*3 
ftfctare&y, afti. 3i/imi a*i. 45// 

m*. 5 5//m»fe<ktfiSfi1. 58//m»J 

a<o*ffiKea*<prttft*^T-f/^ cast 7 

So 

[0008] 

[HBSB*r*fcft<D*R] *»Hf::«*#:77-r/< 

30/im-1. 6 0/imtf>±&fSI:ifc 30 
l^TBftlMBttf- 2 0 p s/nm/kryiW±-3 p s/ 

tt, ±K0>aftfl?« 1 . 3 0//m~1. 6 0 /i m<D±t& 
miZft^X 1 2 p s/nm/kmia±~4 
p 8/nm/kmJslTtft4:tg«at«. 

*y»38irtt, ±e(oas*tt*y£i*aft*tti. 2 

5/im-1. 6 5|imfl)±asHlCfc^Ta«#»^-2 
O p s/nm/kml^J:- 3 p s/nm/kmOTtfc 

1. 25/im-1. 6 5|im«)^lfiraiCj3^rafi#» 40 
A<- 1 6 p s/nm/kmJJI±-4p s / n m/ k mJU 

TT?&SCi:^«ffl<t-rSo 

[0009] ZKDjJfe^r-f a* 1 . 3 1// 
mtt % Bft1. 4 5 Jl rnflF* Bft 1 . 
Bft1. 5 8|im***t^«#ftaiH»* (1. 3 
Ojum-1. 6 0f/rru JiytfHIZtel. 2 5jUm~ 
1. 65//m) aft»»*<±E»ffittHrt(0 

fls-efeStD-e, 4E»£ft¥&*icBSffi4ftaajt*£fl: 
fe*tf*»aft»»icB*«^0)a»*fta)3R*A<|qi 



TBivhii* co£LHI4£XSff««>*Bft0fl«* 

MlCfiRSat^r-f /^<Oa*»fta>*e««3&<2 0 p s/n 

I t ucdg. 6 5 4lcJftS3p*i-ci^S5/>y;i/ : e— 

77^0M1. BSjfmlCfcttftBftftflkfcHSB 

[0010] *ftWi=fl5S*77'</^li, aft 

i. s5Mmiz&\izm®]mmmuotJtm2u±T't) 

JMB**aftlcB«ft*XOX» 

/ toxtommm k nsftH±-e * s , 

[00 11] *fc. *»ffllz«*«7r-f/<tt, aft 
1. 3 8^/mlCfcltSOHSlCBSaXJgA<0. IdB 
/kmfilT1?**Ctt1»«fc"r*. CUDBfclilU:. a 
ftl. 3 8 jU mWifi0»fiSt«f *«fii LTffll^ 
ZktfV£Z0)V % £fC*§fi(Z)€S3&<pIfi|-efeSo 

[0 0 12] *fc. 2Mtl!ttE«*?7-f/<l*. (1) it 

(2) ca>+i&3T«*tttya^*ia>B»*«ky/j^ 

l*»2©B«***r*«2=i7B«fc, (3) ^12 
a 7SS&£J& y 2 0)®$im& y l*» 3 <DjgSr 
$$*r1-S«3=i7«l«i:, (4) Z©SB337««*IS 
y 3 <DE#r2g£ y /J\* l\» 4 flSifr^ £ *f s 2 
5vKB«t*BiL*Cfct(»Bfc-r*. *y«FBi:: 
I*. 9?yKatt*<. (4a) ft3®fl*r**V<hditB 
Wf*t«««*7-;KiS«i:, (4b) zofilte? 
v KMWJ:V*»l«W»t*#H>9T!i KB 

7^ KB«^>B^B0)B»r*Sat»i:Lr«ib=i7B« 
<DifcB&r*B*<0. 4%&±0. 7%UATT?fcSc:(!:£ 
4#ft<b:irSo C;h&W*U!>*£l::t,. ±Baftttffl-C± 

Baft»»BBfc<t*»77-f/^*siB-r*cfc3ic-e« 

So 

[0013] **Bic«s*ea^x-7 L JW*, (i) aft 

30(/m-1. 6 0/im (^yWBl^tt. aft 
2 Slim- 1. 65/im) rtfl>*-aftfl>B*Hfe 

*aajt4a»©a«Bt, (2) c^ibaaoMK 

CRS5ft77«f/^t, (3) C60^77^/<$eaLT#T 
SIB Lfc«*ft£ft«**»«Bfc £B*4 C <b £4$® 

?r^\'£ft£&&<t Lrm^^soT-. Bfti. 3 

1/imf, Bft1. 4 5/fmff,&ft1. 5 5 /i m3?£ 

*r/aft i . s 8 ju m*«dt?a^fi#*aft** 

(1. 3 0//m~1. 60i/m, *y»BI=tt1. 25 

^m~^. 65/im) dfci^T. IMtBft¥Bftr::B* 
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ass©^* £ ffl l»t*8«<d *E»eaA«ri6-e & 

[0 0 14] 

a£B®BS$pai::&n-f «. B9BOKni=& 

t^TB— roKJUfcfitPI— ©«H»*ftU. Sfi-fSSftflJ* 

[0 0 15] 011*, *5H6»ail=CI*3t77-f^«)5S 
ft»«mtt*Blwr4B-e**. *£tt»Bi::&ft%7 

7-f/<l4, SSft*f8l. 30(lm~1. 6 0(lm (8T 
"CI* r4J-SJ3fc»ft*«Aj fcl^a. ) <D±ffiffll=fc^ 
T, SStt&tf- 2 0 p s/nm/kmKl±-3 p s/ 
nm/kmElTffc4. C<0«^jfeSEfi*« Al*, &g 
1. 3 1)(fflf, Bft1. 45(im|, »ft1. 55/Lf 
m*j3J:^afi1. 5 8//mfmm^. Sfc. C 

QifttiiiiAflftiir^TUW- 2 o 

p s/nm/kmJJl±— 3 p s /n m/ k 

©T?, ll^i!#¥8gUcasm^*©;&jr£tt;fc*t;SS 

*xi*, c<D)£i>«^5ta**«Ao^afto«^jte$ffl 
[0016] *y»ai=tt, 44UK»ai=ft«ft77'r 

/s*l*. B#*aft**A<0±tfiBI=*it^-C. *fi#»*< 

- 1 2 p s/nm/kmia±-4 p s/nm/kmgiT 

CCOlg^lCl*, &ft#Sfc)!l<-1 2ps/nm/ 
kmlil±t?*5Cfcl=^y, m«S»S4ICHSfI#3t 
ro;^56fb^l~fQ)f«^*t, &&tti&j!><- 4 p s/nm 
/kmfelT-efc^cilr.fciJ, #«S3fc^S«l=BSffl 
*3fe«>B»Sfc*<W::|qi«*;h.*. LfcA^T, 

a««in«Afl>*a*©flt***ffl^Tmi=*M«>fti§ 

[00 1 7] *fe, J:y»38lil*, 
7y-rAI*. ±Sero@^3tiRS?SlSAJ:yiSU;fifi»ia 
1. 25^m~1. 6 5//m (12TFT?I* r<f*|5fc&gSf 
JtBj tua. ) (D^«5HI=j3t>T, Bft$Mfo&t-2 0 
p s / n m/ k mUi-t— 3 p s / n m/ k miji.T"Cfe 

•5. croia^i-ii, <i^3fejS?S*JaAj:yj2:t>fi#jta 
ftBBBa>*»ft©B##*Bi.*T»::;*:B»©ftEB 

[0 0 18] SICffaiCl*, *SII(E»0ICff«*7T-f 

— 1 6 p s/nm/kmlsi.±— 4 p s/nm/kmlilT 

COT^ICI*. 1 6 p s/nm/ 

kmJil±-Cfc*Cil=<fcy, *»»*#«kl=Biffl*jlt 
©iRJ&SfefctfJ&KWMSfi, 4 P s /nm 

/kmiyTt?fc-5Cilc*y, ims!Jt^a*i=H*« 
^•*<0*)fJ3fe<bA<Er=jqi*l**i*. Lt:4^T, B*t5fc 



jSft»« b © # 2&£©(I-^5te £ ffl OTS i=*§a©ftB 

[0 0 19] *fc. *Stt»Bl=tt«)fe77-f/<l*. » 
ft1. 5 5^m|Cfclti)*S!)Bt®aA<4 0wm2Jil±-C 

[0020] *fc, *mmnm\zm%ft?7'<'t\ts $ 

10 ft 1 . 3 8^mlZfcIt*OHSl=e3-£P^liA<0. 1d 
B/km)UTT-fc*©A<ifSST:&S. C©ig£l::l*. » 
ftl. 3 8j/mtt$£©»ft£t«^3fc»fti:LTffiO* 

[002 1] *SBBttl=«*3fe7T-f/«€S6a 

(B*T*nl. *Ml2a) , Sf52=l7«li£ (I»T$n2 t 
20 *S2 b) , B337B* <B8f»nJ. *&2c) fc 
.fcr/*^ K««l (B«*n4) £*LTl^. «B8r 

*©*/Ng<iiU* nl>nZ -CfclJ, n2<n3 "Cfcy. 
n3>n4 T-fc£, <fc l J ff2Sl-l*. 97?Kfl*««» 

®©®«r¥^Sif t Lr"t>i0a7««fl)Jl:BI)f*«Ai 
A<0. 4%KLbO. 7%lUT"Cfe^, d © J: -5 &B#r^ 

XiLT, *<k3 7fEiafc*t/m3:3 7fSi5t* 

30 *ot 5cirzj:y, giSi-f Scttf-eta. 

[0 0 2 2] 031*, *BB»BI=B**?71*/tt>B 
«f*^P7r-f^o»aBt»wr*B-e**. c©0 

♦OaTflB (BtffBm, M2a) , Sg2=>7fSi3 
(Bfif^n2, M2b) , £3a7Sgiil (B#?£n3. 
rtS2c) . fljg??*;/ Rgi?S (B»r^n4, ftBz 
d) *5J:t;nB^5v KB« (BUf^nS) ^UTL\ 
•5, &Biff2?©±/Ma^l±nl>n2 "Pfcy, n2<n3 
■Cfcy, n3>n4 "Cfcy, n4<n5 T*fe-5„ ^yjfJS 

40 CI*. *Bf 9? KB«ro«ttB©B!fr**BBiLT 
t*"63 7fSJ3©J±B«rSS6iA<0. 4%)il±0. 7% 

3>7-r/<l*, 5^^*77. ^^-XtLT, Willi. +'C> 
aTB«fi*i;»3 3rB«**l*tilC6 eOJSBJn 
l-fiCtlcky. ay/XI*. B2a7B«JSJ:i;i*JB 

[0 0 2 3] jfcc, *£BKSi::ff«%7r<f/<®Jltfc 
M<c4o©3gB«Hi=otNrBiTOt5. fsi^ro^JSffl©^ 
50 77-f'/^t0 3lcjf,LfcB^^p-7T'f^$^r^. 
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[0 0 2 4] »lSJfi«1<Djfe77^f/<<OK7cttJUT0)i 

y,B237«SO»S2bli14. 7tfm"C*y.» 
3a7««©*1»g2 c(42 2. 6^mtf*y % ftff?^ 
5/ K«tta>*g2 df*4 5. 2/imT'£>>5o + 6 

=l7««a>BSr*8AH*0. 5 0%t*V,«237 10 
««flOHff*«A2tt-0. 2 0%t»^»337« 

«(DB«f*SA3tto. 2 wmv^v m 

«<Dfiff¥aA4l*-0. 2 0%T'fe£ o 
[0025] fit, Z0miHJS<?I^3t^7^/«7)^ 

WtttttT©i»yc**. MMMMtttl*, Xfti. 

2 5jt/m*e— 11. 9 8 p s/nm/km'efc 1 ], Sfcft 

1. 3 1^m"C-9. 22ps/nm/kmffc l Js Jt 
j|1 . 55//mt-8. 07ps/nm/km"Cfc l J, 

1. 65//mt'-3. 81 p s /n m/ k mT?fo 

0. 0 1 6 p s/nrnVkm-CfeU, $aWI±5 

2. 1 j/m*T-feHK K?-f— il,Kgl*7. 9 5*i 
m"C*y* ftlfS3 2mmOT?0)ftlfa5fel42. 4dB 

3 8 J/m(Cfc!t$OHg(::@3nXigA CM.38 
(40. 0 1 d B/kmX'^ 0 

[0026] *2SIMl«fl>ft7r-</«a)KSf4feiTa)i: 
y N n 2 n r fimco^g 2 bi4i 4. s^m-efey. « 30 

3=)7fii£<D#g2 c(42 1 . 3//mT?*y, ftjg^ 
* Kffi«©^g2 d!4 4 2. 6nmVtb% 0 f-fc. 
=i7«B«a)H»r*ftAitt0. 55%tfty,*237 
«ttUDBJf*«A2f*-0. 20%t?*y, «337« 
tt(0H8r*«A3f±O. 3 0%t?*y. rtH^T^ K« 
i»&(Z)B#T$£A4l4-0. 2 0%-eW o 

[00 2 7] fit, C0)!B2|t«*Oife7r-</«©tt 
WttttJSlTOtftycft*. »ft#K4*ttl*. SSI. 

25//m"C~1 1. 8 2 p s/nm/kmt'fe l j, j&ft 

1. 31//mT?-8. 8 1 p s/nm/km7?fcy , ;fi 40 
fi1. 55A/na*C*-6. 2 8 p s/nm/kmtfc l J, 
;M1. 65/imt-3, 32ps/nm/kmtfe 

£o Ml. 5 5 mlCfcl^T. jRft#»*a-:7l* 
0. 0 1 1 p s/nmVkmt'fc^ £%l8rffi8!l*4 
6. 6/im2"Cfcy. ^E— K7-<— ;UK8I*7. 44/i 
m"C*y. ffilfg3 2 mm 0T?<Bffl If ft*!* 0. 2dB 
/*->T?fc* 0 *»a»fil*1. 700//mt'fc^ 

Sfcftl. 3 8|imlCfcMt*OH*lCB*aX»Aai.3B 
140. 06dB/km7?*^ o 50 



[0 0 2 8] JB3Sl*«<D*7 7-f/«D»5cttfilT<0i: 
fcy-C&^o + M>=J7^i3£tf>#g2 a(45. 2^m"efc 
y. *2=l7lB«a)^S2 bf*1 5. 1//mTf&y.m 
3a7«a©^82ol*2 1. 6//mTfty, ft®<7 ? 
V K«i4<D^S2 d(44 3. 2//m1?**o *fc» *<? 

3 7««a>B«r*aAii*o. 5 7%r-fey, ^2=17 

«fita?B«T¥SA2l*«0. 2 0%T?fcy. »3=17« 

«a)B«f*«A3tto. 2 9%r-fey. 

^0B5f¥^A4f4-O. 2 0%T-fe£o 

[0 029]fLT, CO»3 361i0|0ft7 7*/<(0K 
«ttttJaT0)2:feyc*4. ifcft#f&t#ttt** gfil. 

2 5#m"C— 1 2. 60ps/nm/kmffe l J, jifcft 

1. 3 1 //ml?- 9. 42ps/nm/kmt'Sy > ^ 
ftl. 55/im*"Cr— 7. 99ps/nm/kmtfe l Js 
26ft 1. 65//mt*- 7. 10ps/nm/kmT?i& 
5oMl. 5 5|/ml=fcl*T\ »fi»»XP-^fi- 

0. 00 8 ps/nmVkm^fcy. 3S»Kffi«l*4 

2. 1 ^m2r*fcy, : e— K^-r— ;i/KSi*7. 1 5 ^ 

m-efcy. ftlfg3 2mm0)tf«>fllfft*r4l. 5dB 
/*->T-&«. 1. 7 5 

^-^*«;h*7MI*1. 2 2//mffe4, 
SAL 3 8A/micfclt40Hglw|S4PAiiAcn.38 
140. 0 3 dB/kmt'fel» 9 

[0030] *4j|ft«a)*7 7-f/<a)M(7ci*jaTa)i: 

*>y-C*4. *'b=l7««©ng2 al*5. 0/imt'fc 

«237««rortB2biti4. 3/*m-e*y, m 

3a7««Orta2ctt2 1. 6/im-Cfcy, rt@^75 
«;K««<D»g2d(i4 3. 2/imt'^o *fc. +*> 

3 7««OB»T*fiAiI*0. »237 
««<DBSr*«A2l*-0. 1 5%T?*y. K3U71S 
WOBffVSAsttO. 2 7 96T?*y % «>5vK1l 
«OB»r**A4l±-0. 

[0O3 1] *LT. C©«4*lfi«fl)3t7 7^/<0» 

wtttsiTcDfcfiyc**. aft»*f*ittt, xai. 

25/i mt'- 16. 4 0 p s / r\ rr\/ kmt'fc l J > i£ft 

1. 31//m"C-14. 3 0ps/nm/kmt'fc l J, 
j&ft 1 . 55/imt?— 14. 70ps/nm/km"C$) 
y*;fift1. 65//mt'-8. 60ps/nm/kmT' 

fc*. 5 sumirfcor, Sft#s*n-:?i* 

0. 0 27 p s/nmVkmt'^J, XttKBfllfcM 
9. 3 0m*-efcy, "E— K7<f-*^Kgf*7. 75/i 
mtffey, ft If g 3 2 mm <I>-C(7)ffl If ft*r*0. 8dB 
/*~>T'*£. *#»*«!* 1. 7 24/imt^y, 
^-^*7h*7iSIHt1. 3 3//mtfcio Sfc, 
jftftl. 3 8|imJC*5lt&OHSlCBSPX«Aai.3B 
(40. 03 dB/kmt'fe-&, 

[0 0 3 2] tt±BWBLfc»1-»4jfclfc«|*ll-l f *lfl[) 
*7r-f/«l fflsK*,. «**aft**A (SIMM 

1. 30//m~1. 6 0/fm) (D±tSffll::j3l*T\ *ft 
#tfcft<-2 0 p s/nm/kmm±-3 p s / n m/ k 
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25//m-1. 65^m) a^ttHl-fcOTt, ag# 
hS*><~2 0 p s/nm/kmJ^i;"-3 p s/nm/km 

-f/<!4, fthtu 2Sft1. S5|imfZ*5lt**»«RB« 
A<4 0iWm2JU±-C?fcy. 38//m|3fc(f60 
HSlCgj^PAit^O. 1 d B/kmJUTt?fc£o £1 

AO)±efflfCfcl>r, »S»»A<-1 2 P s/nm/k 
mlU±-4 p s/nm/km&Tt?fc3o 3&3|? 10 

T\ 1 6 p s/nm/kmia±-4p s/ 

[0033] «z, *sts»sn=a««^r 

14, asAi 1 otseai 2ot«>iMic*^T-f/<i 
[0034] ^m^i 1 oii. n& (nsz) omsa 20 

1111-11 lN«Jctf*jR«1 1 2S«t?. 

1 In (fcf£U nl*1JSl±NlfllT0)ff*a)af» o JUT 

b) fl©asAn0«*i3fe£ai;*ri-*. »«ai-an<d 
fir*iA^a«i*a« 1 . 4 5/im*j=*y, Micftofir 

*lJ^fl)«*l*«ft 1 . 5 5/lmHffC*y, ■f<D(60)iS«: 
I4»fi1. 5 8//mffilCfc«S e *&»1 1 2 14, SAV 
1111-11 1H^62ltt*tlfc»»Al-AH<D«#* 

7-f/*1 3 O'MMtB-f 60 

[0035]«77*f/<130lt SlflJSl 1 0 0)ftift 

si 1 2icj:y*a3F*iraai*Hfca«Ai-AN(o« 

^JSIii 2 0tt£2t^ zfl>#:7r-f/<i 3 

2 0 p s/nm/kmKi±-3 p s / n m/ k m&TT? 

fc^>o *fc, z.<r>%-7T<<tU 3 0(4, *y»ai=i4, 
«#*aftW«A0)±BHict5i%ra*»tt^- 1 2 p 

s/n m/kmUJL±- 4 p s / n m/ k mJilTtrfe l ) , 

-20ps/n m/ k mJU± — 3ps/n m/ k mliJLT 

t^ra**** 1 - 1 6 p s/nm/km^l-4 p s / 
nm/kmttTt*i. *fc. uW*77-f^1 3 0 
(4, *y*HIII=l4* »S1. 5 5 jumicfctt^^asfr® 
«)5<4 0//m2^±-e*y , »fi1. 38//mClfc(t£ 
OH^|C@^>P^i@?b<0. 1 dB/kmiilT-Cfe^Jo 
[0 0 3 6] g{s^1 2 0(4. N^(75SfISl 211- 
1 2 lHfccfctf#»»1 2 2**t?. »S»1 2 2(4, 

*7r-f/<i 3 o$ejSLr#rsiaLfc««Ai-AH so 



^^a^-r^o ««*i 2 in it. #s*i 2 2*&u 

A**ifc«ftAn(D«***»fl|-r4. 
[0 0 3 7] CCD&G&vXTixl -C(4, £{Bfi1 1 0 
icjSlvcaHMM 111-11 mA^6Hi**tL*a»l 

1 2i=*yAa**Lfca«Ai-AHa>«#*i4. *77 
-</<i 3o*ea**irs«jisi 2oic8isrrs. as 
si 2oic«t%r, a*Ai-A«a>«»*f4, »a»i 

2 2lCj;y#j$£*u »«81 2 11-12 iMizj:ya 

m*n^ 0 ^*e;$vAfAiit a&fliAi i o^a 
«ira**7T-f/<i 3otm^wct*6, as 

1.31// mflf . a^ 1 - 45// m$\ aft 1 . 55// 
mHfj3*tfa«1. 5 8//m*tSt«§***»«A 

r, co^eaivxxAitt, = <&iUM3*fcK**« 
[0038] **is»ttic«**P7-f/<t3te 

(4, S<1^2 1 ofc««JB2 404:©IBlc*7r-f^2 

3 1 tfftfcm»t LXmWLttl* *«S2 4 0t 
afl®2 Z0b<0Nl\Z9b7T<('<2 3 2*<*£3I»* L 

[0 0 3 9] &M2 1 0(4, NftO)Saa2 111- 
2 1 1N. «a>2 121, 2 1 22 s 3felt*§^2 1 3». 
2 1 32. fccfcr/, £&«2 1 4$tt% 2£tl&2 1 In 

(4, (*fcl4tt**a**«B) 

»fi a n(z>«^# asAi-AN<7)5^, fir 
*i*a>afti4»ji 1.31// m^izfc y % ffeofii^co 

»fif4»«1. 4S//m*l:fc«sl, »C«0>fl*lfrfl>a 
fiftaSl. 5 5//m^(cfey. *<Df6<Dafil4»ft 
1. 5 8/im*lZfc4. ^»»2 1 2H4, iS«i62 1 

11-21 ii^6aaj**ifc*io)aft*«ic**ii« 

aftAi-Ai(D«***A*tr*aLT. *«*S*2 

i3ii4, ca>s»LfcaftAi-Aiia)ffl#*$-e* 
»«uTffl*-r* (fc£u 1 <m<n) 0 «a«2 1 
22(4, jsms2 11W-21 ifi^&aai**ifc*2 
o)afi*«ic***t-saftAM*i -amo)«#*sa*u 

r^aLT, 5tig*I§l2 1 3 2(4, C^JtLfeMA 
M -AMa)«#**-»*»«LTttJ*f*. *«»2 
1 4(4, ?tig^S§2 1 3il=*y*JWI**iTtt***l 
fca«Ai-Aifl!>«#*. fccfctf, **g*S»2 1 32(C 

*y*»«**iTffiaj**t*:aftAw -AHom^^ 
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[0 0 4 0] %?T<ii\ZZ 11*. &{SJS2 1 0<D«a 

2 O p s/n m/kmlsLfc-3 p s / n m/ k mJsi~F*C 
63, *fc, Z<D%VT<(rt2. 3 1 I*. cfcy #81=11** 

«**a*i»«A^±ttHfcfit^'caft»**<- 1 2 P 

s/nm/kmm±-4 p s/n m/ k mfcATTfft V , 
SUM** «#*a«flf«B(D±ISHI=fe^T2eft»1tt4< 
-2 0 p s/nm/kmJjli"3 p s/nm/krn&T 10 

l*T»*#lfto<- 1 6ps/nm/k mJSJLt- 4ps/ 
nm/kmKlTt'W, *fc, Cc7>5fc?7"f /<2 3 1 
I*. *y»ffll::|* % MM. 5 5/fmlCjSlt«*ttKS 
a*<4 0//m2ja±T»*y, Sft*1. 38/iml::fclt5 
OHS!Zia^P^itA<0. 1 d B/kmfiLTT?fcS. 
[004 1] *J8^240li, »»»24 1, ftlim 
2 4 21, 2 4 22fe<fctf«a*2 4 3*St?. »i6»2 " 

4 1 i*. *77-f /<2 3 1 fceaLT^rifiaLfca* 

Ai~AnO)«*l#£A*LT. aftAi-A«££fc!Bl 20 
<Q«fiW«£. a«A*i ~A*£*fc*2<*>aft*«J: 
5fcig$SS§2 4 2H*. »i$S2 4 1 frbffi 
***ifc* 1 O««**r=***i*««Ai-Ai0«* 
ft*-S«««L. ftitt5S&2 4 2zf*. 4 1 

b S*ifcS5 2 a>aftflf«l^**U*SB ft A M*J . ~ 
AN<0ffl***-}S*»«t4. ^Lt, ftaS2 4 3 

i*. 5(^»2 4 2iicj:y*»«*^rffla4*ifca 

£A1~A«<7><1##, JS*fclA *«»S»2 4 22lCj:y 
*WSS4xTtB**i|xfcaftA*i ~An©ffl*ft*A* 
LT#»L, z©&aUfcW*(DB«tg*7r-f/« 30 

2 3 2^21*^*0 

[0042] *7T-M2 3 2f* % 4»*8J§2 4 0CD&& 

82 4 3iz*yftas*irau**ifca*Ai~Aii(D« 

#**»«B2 2 0*T*ei£1-*, Z<D%Z>T>('lZ3 
21*. A«*«HlCfe^T»«»*^- 
20ps/n m/ k m£Lt — 3ps/n m/ k mJUT'C 
**. £fc* C(735fe^7-</<2 3 2I* S *y #81-14* 

«**aft*«A<D±«Bicfe^ra*»»3S«- 1 2 P 

s/nm/kmUJL±--4 p s/nm/kmi^T"Cfc l J, 
sUM*, «»«aft»«B«)*KHfwfel^ra*»*^ 40 
-2 0 p s/nm/kmW±-3 p s/nm/kmWT 

T?fcy, mkwsi-i*, (i^as«^B0^teHicfc 

l>-C»ft#tM<- 1 6 ps/nm/kmUll-4 p s / 
nm/kmiaTtfcJo *fc„ ZOftZ? 7 4 1\ 2 3 2 

i*. *y#ai=i*. am. ss^mizfiitssjaKa 

S(35)<4 0jUm2Jsl±T?fey. 3 8//mfZ£l?£ 

[0 0 4 3] ^2 2 011 N£C0gft§§2 2 1l~ 
2 2 IN. »882 2 2l. 2 2 22. %JMRS 2 2 3 1 , 
2 2 32, fccfctf. »a»2 2 4**t\ #882 2 4 50 



I*, *77<A23 2£fcSLT#Tli|ilLfcagAi 
~Afi<Dfi-$t#£A*LT* a*Ai~A»££fc*1fl> 
aft«8£« a* Am ~Aii*£fc«2fl!>a***if= 
#af*. *««»2 2 3ll*. ftaS2 2 4fr&titf) 

zhtzn 1 o)asffttrc^$tt«aft a 1 - aicdb^ 

#aS§2 2 2ll*. zoxmzzMz 

a«Ai-Aiia)«»**a*»ic#aLrBs*-r*. * 

Ja«»2 2 32f±. »»*2 2 4fr6B**hfc«2© 

aft*«t***t4aftAifi -AN©«#ft*-s*«t 
«u »a«2 2 22i*. co*JM&hfcasA*i - 
AHCffl^iaftsi^aL-cttJi-r*. s<i&2 2 

In I*. »a»2 2 2l*fc»2 2 2236^?>aS***lfca 
ftAnC7){I^5fc££frf*o 

[0044] c«>*eas/xf-A2-e(*, &ftJ*2io 
c*sm\ asms? 2 1 11 — 21 i«^6as***ifc»i 
o&&&*a<d%l&ii~ x*<ois*i&it* *a#2i 2> 
icky*a**i, *am«2i3iizj:y-is*««* 

h£o £fc* &AS2 1 1*1 ~2 1 iN^btii^^ti/i 

K2a«*««>a*AiKi -amo)«^*i*. sag 2 1 

2ilcj:y^a4#i, &JMIS2 1 3 2l=*yHB#«tt 

£*i*o fir, **«»2i 3U=*y*»«4*ir 

tt***lfca«Ai~Aiia)«»*. fccfctf* 3feig*iS2 
1 32fc < fcyjfeifi*I*4irilS**4ifcaftAii»i ~An<d 

s*wti*, &a»2 1 4iz*yBz*a**i-c, *7 7 

^23 1 IzatB**.*. 2KBJB2 1 03^5)jiaSS*lfc 

a<Ai~Ana>m*i*. *7r-M2 3 1 tea**i 
r*«»2 4oir»ia-r*o 

[0 0 4 5] +l&^2 4 0l::fcnTf** ^7-</^3 

1 €eaLT*rHaLfcaKAi-A»oOT*i*, # 
as 2 4 1 y » 1 aasff a& a 2 aajMMU: t 
#a**i4. Ki<oa«*«i^**i4aftAi-ABfl) 
«#*r*. *«M»2 4 2ifc*y-ftjiwMi*#i % at 
20)aft**i=***i4aftAiki ~a«©a^*i*, * 

J««S2 4 22l=*yHS3fe*tt*fcr* Cil^l*. § 

a»2 4 3i=iy*a**iT, #?7</<2 3 2i::aas 

*«JS2 4 0^65Sffl*4ifcafiAi-AH<D« 
■^#1** #77*/*2 3 2£fca**l'CgAJB2 2 0l:: 

ga-r«. 

[0046] SAB2 2 0l:ifclvCf4* 3t77-fA23 
2^fi2ILr^Tl«|3iUf=afiAl-AN(7)fI^3fel*, 0 

as 2 2 4 ic j: y * 1 mum t * 2 (oas^is t \z 
#a**i*. «ia>aft*«i=**#i*a«Ai-A«<D 

««*l*. #»»8S2 2 3ilIJ;y-Sft»te**u » 

as2 2 2iicj:yafi*ic»a**i* 0 »2(oa*« : 

MI=**4x«aftAM -Am©«^*I*. ftiMS2 2 

3 2i=*y-«»Jt«4#i, »as2 2 22icj:yaft* 
i=»a**t*. *lt\ a«Ai-AM0)«**i* % s<i 

H2 2 1 1-2 2 lHirj:yS***i*o 
[0 0 4 7] C0>3feffi2lvXxJU2l*, ii<1^2 1 ot 

+«H2 4oi:a)Ma)3feeaB, *^I2 4 0 
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ttS^^r-f/^ai, 232£EH>n^c 

»«1. 3 1/imS, MM. I 
5:1. 5 5/im$SWMl- 58//mSmi^ 

*a*is«A (*fci*a**iBaHiiaB) a^emics 

Lfctfot, C(D^lyXfA2ll CtD{£tM3 
#*MBfl*A (*fcli«##*«BWB) ®*Mt<z> 

[0 0 4 8] £fc, C<Djftea$/XT-A2-CI** IS 10) 
* *i * Ml A 1 ~ A h ®flt*ft * 2 
1 31. 24 2l6*tf2 2 3llCj:M-IB»t*IL, * 
fc. «20Ml**l::***l4MU*l 
£5fcig*53§2 1 32, 2 4 22j3*tf2 2 32lCcfcy-g 

fflxlf. ft 1 0>tt*ttJ*tt&< 1 . SS^lmfficttfa 

S1. 5 8(/m»m, c;fl)ftio!)«*»J*rt«>«* 

ft£-m9t%mt$>ftm$*tLXs Ersa*<#»a 

E rS***D3fe7T (EDFA: Erbium-Dop 
ed Fiber Amplifier) tfjfifif-ffll^&i'u*. — 3*2 
<DMHMtl*MM. 3 1nm»l3J:l«Wl. 4 5 /i 
m«£#*. C<D»2(Da*#*«a>fit^**-S*ii 

A<»ai=ffl^&ft5. 

[0 0 4 9] H7lcSLfc«/*-<?l** «***2 

fcj:y#ia«i- satire* 6^ »*i. 3 

1//mt* ML 4 SjLtmSK jfigl . 

5 8/lm»<D4 00«ft**t»ltTtJ: 

i>, fLts issi. 31 iimfttommtoytmi&iz 

(PDFA: Praseodymium-Doped Fiber Amplifier) J&* 

ur fflt^fc t m5c*SJnft 7 r -f /<»*■ 
S (TDFA: Thul ium-Ooped FiberAmpi if ier) *<ff3S 
iCfllt* MM. 5 5/imW0)«#3fea)Aia«lw 
liEDFAA<»aiCffllN&*l4, SIM. 58|/mS(7) 
«*lt©*«il=*EDFAaft««Fai=ffll\6*l«. * 

[0 0 5 0] 



m^±-3ps/nm/kmOT (*y - 1 
2 p s/nm/kmJ*iL±-4 p s/nm/kmOT) "C 

fe5o *fc» *y»ai=tt* ±Efloaft»**ya^a 

A4IM1. 25/im-1. 6 5//mO)±IElllZfc^r» 
afi»»4 u 2 0 p s/nm/kml^±-3p s / n m 
/km JUT (*y»3Bl^4. -1 6 p s/nm/kmUl 
±-4ps/nm/kmiaT) Trfc& 0 Z<D±?T<<'< 
fctfctlK, Sfil. 3 1/im», ML 45/i4s 
10 MM. 5 5//m#fiJ:tf*ft1. 5 8//m*^tj£ 

LTfflivhtf, cfl)j£i*«**»ft$«®£Mi<Bffl^ 

[00 5 1] a«1. 5 5 

/I m|::fcMtSS&KffiS#4 0 V m2&L±X$>Z>%&\Z 

14, *«a«6*«ltl-H*»#*«>»»SlSftA<»c»M 

\zm&ftyT<<s<\t. MM. 3 8^mfCfc(f^,OHS 
IcBSnyUiAtO. 1 dB/kmfilT-efc-6»*lwtt. 

mm. 3 8it/mttie<o»**tfi*3fea*i:urffi^ 

[0 0 5 2] *J6WI=«S*fijS*>^rAI4. ±E0)* 

3 1/lmtt, MM. 4 5/im«, M 
1. 5 5|im*feJ:t;a«1 . 5 8/imW£*fcl£lMS 

#*afiflf«(i. 30//m~i. 6o//m, cfeywa 

[HBi7)«*4KW] 

[Ell] **Jfi»»lc««*7r-f/Wa«»llk»tt€ 

iMttB-efe*. 

[02] *jt»»fflfc«4«7r-f /\ # <DjgJfr£?a:?T 
-f ; U0> » 58 « * f * B T? ft * - 
40 [B3] ***»88l^«4*77'-f/«Dffltfr*^n^T 
-f ;KDffiO»a«SSttWr4B-Cfc*. 

[B4] 4oo)&mmo)ft~?T<('* J £h?ho)&7tt$& 
tf«Wtt*«»fcB*-Cfc*. 

[[§5] 4oo)«lK«la)X77^/H*i^*k«>aJlAllk 

[0 6] Bio>iiai»Bi=a«*fia^TAa)«ii« 
[(2 7] ft2(D«ft»jB(wa«%fia^7A<oiSH8i 

50 [tt*a>lKl&] 
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1, 2-#fii£vX7 L A, 1 lO-aMSJS* 1111- 

1 1 m-ae*, 1 1 2 1 2o-*m, 

1 2 1 1-1 2 lN-»Mk 12 2-»a»s 13 0- 

jfe^r-f 2 1 o-JSBJB, 2 1 11-21 In-all 

8, 2 121. 2 1 22-*SMk 2 131, 2 1 32-* 



igfSSg* 2 2 2 0-SM, 2 2 11- 

2 2lM-aBS, 2 2 21. 2 2 22-»a*. 2 2 
31. 2 2 32-#JjMMS % 2 2 4-»a», 2 3 1, 2 

3 2-*7T-f/^ 2 4 0->MBBk 24 1 

2 4 21. 2 4 22-ftJgflMK 2 4 3-*»8. 



CUD 



[02] 



15 

« -12 



-16 



-20 



1.2 



ft* 

£ j — I f 1 H 1 ] 1 1 ►(Art 



1.3 1.4 1.5 1.6 



1.7 



n3 




«7P 



4>0 
37 



r»2 



A3 



25 



[13] 



[04] 









*6 

37 














na 








H3 










37 








37 








ru 












rw 


73* F - 


|A4 


«» 




nz 




ri2 








777K 




37 


2a 

2b 


*2 

37 














2e 












2d 











mi 
*«« 


»Hffj 


*3 


SM 




5.7 


5.5 


5.2 


5.0 


»2370>rtB2b <#n) 


14.7 


14.5 


16.1 


H.J 


*33mazc 


27.0 


21.3 


21.fi 


21.8 


l^«9?7Kff)«a2<l Cab) 


45.2 


42.6 


43.2 


43.2 


*O=70>itJBfr*SAi (X) 


0.50 


0.55 


0.57 


0.59 


»2 37(Dit8ifi*a<W (X) 


-fl.20 


-0.20 


-0.20 


-0.15 


»337©ttBft*«A3 (1) 


0.25 


O.30 


0.29 


0.27 


rtM * ? y K©ttfl»*« A4 (X) 


-0.20 


-0.20 


-0.20 


-0.15 


(pa/rm/k.) ©1.26*1 m 

• I. 31am 

• l.5Sjtn 


-11. W 
-9.22 
-8.07 
-3.8J 


-11.82 
-8.31 
-8.28 
-3.32 


-12.60 
-9.42 
-7.99 
-7.10 


-16.40 
-14.J0 
-14.70 
'4.60 


«*»«^o-7 (p*/naVkt) • 1.S5«m 


0.015 


0.011 


-0.006 


0.027 


nnmmm imm') «i.55«ni 


52.1 


46.8 


42.1 


49.3 




7.95 


7.44 


7.15 


7.75 


3 2mro4>l»l/fl* <dfl/>«» 91.55«m 


2.4 


0.2 


1.5 


0.8 


(«») 


1.694 


1.700 


1.757 


1.724 




1.29 


1.31 


1.22 


1.33 


Act. »• (dB/ka) 


Q.01 


0.08 


0.03 


0.03 




F*-A«M£) 2H050 AC14 AC15 AC28 AC71 AC73 
AC76 

5K002 AA01 AA03 AA06 BA04 8A05 

CA01 DA02 FA02 50 



